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D e v e l o p i n g v e h i c l e s f o r o p e r a t i o n on and under t h e o c e a n s u r f a c e t o s e r v e i n a h o s t i l e e n v i r o n m e n t o f t h e David Taylor Naval Ship R&D C e n t e r (DTNSRDC).
( b o t h n a t u r a l and man made) i s t h e p r i m a r y m i s s i o n
The broad areas encompassed range from developi n g new h u l l s more s t a b l e i n s e a w a y s , m a t e r i a l s t h a t b e t t e r t o l e r a t e t h e e f f e c t s o f t h e o c e a n , o r new n a v a l s y s t e m s t h a t i m p r o v e f l e e t p e r f o r m a n c e .
The C e n t e r i s a v e r t i c a l l y i n t e g r a t e d o r g a n i z at i o n t h a t p r o v i d e s t e c h n o l o g i c a l e x p e r t i s e a n d u n i q u e F r e e World f a c i l i t i e s t o s o l v e o c e a n e n g i n e e r i n g problems. Vehicle development, energy efficient s h i p s , o c e a n wave p r e d i c t i o n , a n t i -f o u l i n g materials and other marine technology programs at the Center a d v a n c e o u r c a p a b i l i t y t o p l y t h e s e a w a y s more e f f ic i e n t l y and e f f e c t i v e l y .
I n the last decade, deep submergence technology has focused on e l e c t r i c d r i v e , new b u o y a n c y m a t e r i a l s , v a r i a b l e b a l l a s t s y s t e m s a n d o t h e r c o m p o n e n t d e v e l o pment; a s well a s f l u i d s , l u b r i c a n t s , h y d r a u l i c s y s t e m s a n d e l e c t r i c a l i n s u l a t i o n t o b e u s e d t o d e p t h s o f 20,000 f e e t .
T h e s e s y s t e m s w i l l he demonstrated on SEA CLIFF.
We a r e i n v e s t i g a t i n g t h i c k l a m i n a t e c o m p o s i t e m a t e r i a l s f o r s h i p h u l l s a n d p i p i n g s y s t e m s , as well a s t r u s s -s p a c e d c o r e m a t e r i a l s . T h e s e m a t e r i a l s w i l l r e d u c e t o p s i d e s t r w t u r e w e i g h t a n d i m p r o v e s h i p s t a b i l i t y . O u r s t i l l unique, t i m e tested, deep submergence t a n k s a n d h y d r o d y n a m i c b a s i n s p l a y k e y r o l e s i n t h e development of vehicle technology--like ALVIY and SWATH. Using them, w e c o n d u c t r e s e a r c h on d r a g r ed u c t i o n a n d p r o p u l s i o n e f f i c i e n c y . T h i s p a p e r p r e s e n t s a brief overview of Center a c c o m p l i s h m e n t s a n d r e l e v a n t c u r r e n t e f f o r t s t h a t d e m o n s t r a t e i t s c a p a b i l i t y t o g o "From R e s e a r c h t o R e a l i t y , " a theme focused on new c h a l l e n g e s i n o c e a n e n g i n e e r i n g f o r t h e c o m i n g e r a - Center i s a v e r t i c a l l y i n t e g r a t e d o r g a n i z a t i o n t h a t u n i q u e i n t h e f r e e w o r l d .
The Center began in 1896, when Congress mandated t h e e s t a b l i s h m e n t o f a model t a n k t o i n v e s t i g a t e h u l l forms of ships. Today, we o p e r a t e two major l a b o r at o r y s i t e s a t Carderock and Annapolis, Naryland, a s w e l l as f i v e d e t a c h m e n t s a r o u n d t h e n a t i o n . W e cond u c t r e s e a r c h a n d d e v e l o p m e n t i n t h e t e c h n o l o g y a r e a s o f h y d r o d y n a m i c s , a e r o d y n a m i c s , s t r u c t u r e s , a c o u s t i c s , m a c h i n e r y , m a t e r i a l s a n d l o g i s t i c s s u p p o r t .
The C e n t e r b u s i n e s s i s vehicle development. Navy, t h e ?iaritime Mminis t r a t i o n , a n d p r i v a t e s p o n s o r s .
Our

F A C I L I T I E S
Xany C e n t e r f a c i l i t i e s a r e u n i q u e n a t i o n a l res o u r c e s . They a l l o w us t o d e v e l o p a n d e v a l u a t e R&D c o n c e p t s a n d p r o t o t y p e s p r i o r t o commitment f o r f u l l s c a l e sea t r i a l s and f i n a l a s s e s s m e n t .
The hydrod y n a m i c b a s i n s , f o r w h i c h t h e C e n t e r i s p e r h a p s b e s t known, form the backbone of our ocean technology capa b i l i t i e s .
' l e a s u r i n g n e a r l y a k i l o m e t e r i n l e n g t h , t h e David T a y l o r Model B a s i n c o n t a i n s two deep water b a s i n s ; a s h a l l o w w a t e r b a s i n , t u r n i n g b a s i n a n d high speed basin. Pneumatic wave makers provide waves of uniform length and height. Comprehensive programs on a d v a n c e d h u l l f o r m s , p r o p u l s o r s , s t a b il i z e r s , r u d d e r s a n d new design components support both government and private programs.
The C e n t e r ' s 3 6 -i n c h w a t e r t u n n e l , w h i c h h a s o p e r a t e d f o r more t h a n t w e n t y y e a r s , i s a v i t a l p a r t of o u r p r o p u l s i o n i n v e s t i g a t i o n s . U s i n g t h e t u n n e l , we s t u d y n o i s e , v i b r a t i o n a n d p r o p u l s o r c a v i t a t i o n . However, t h i s s m a l l chamber does not allow evaluat i o n o f i n t e r a c t i o n e f f e c t s on p r o p e l l e r , r u d d e r , h u l l , a p p e n d a g e o r wake. B e f o r e t h e e n d o f t h i s d e c a d e , t h e C e n t e r w i l l i n s t a l l a l a r g e c a v i t a t i o n c h a n n e l ( F i g u r e 1 ) (LCC), w i t h a n e x p e r i m e n t a l sect i o n o f 310 x 3m x 12m and a w a t e r v e l o c i t y t o 3 0 k t s .
The c h a n n e l w i l l be housed in a ship and marine
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h i z h t h e
Kavy and mer;hant f l e e t now demand. The c a p a h i l i t i e s o f t h i s new f a c i l i t y a r e n o t d u p l i c a t e d anywhere i n t \ e f r e e w o r l d .
The C e n t e r ' s Deep % e a ? S i m u l a t i o n F a c i l i t y , i ns t a l l e d i n 1 9 6 8 , p r o v i d e s t e s t c o n d i t i o n s d u p l i c a t i n g p r e s s u r e s a n d t e 3 p e r a t u r e s i n t h e d e e p e s t p a r t s OF the ocean.
Only r e c e n t l y , v a r i a h l e b a l l a s t pumps a n d e l e c t r i c m o t o r s y s t e m r e c e i v e d q u a l i f i c a t i o n t e s t i n g i n t h e t a n k h e f o r e s u h j e c t i o ?
t o f u l l s c a l e e v a l u a t i o n a n d use a h o a r d t h e rlee? submergence v e h i c l e , S E A CLIFF. I n a d d i t i o n , PISCES IV, t h e subm e r s i ' l l e , v a s r e c e q t l v ? r e s s u r e t e s t e d f o r C a n a d a ' s Department of Fisheries and Oceans. This manned t e s t was c o n d u c t e d i n t h e l a r g e p r e s s u r e v e s s e l ; d e p t h s t o 6 6 0 0 f e e t w e r e s i n u l a t e d . T h i s u n i q u e o c e a n p r e s s u r e l a h o r a t n r y p r o v i d e s Navy and industry with a way t o e v a l u a t e a v a r i e t y of deep subnergence vehicles and vehicle com7onents.
PROGRAMS
The C e n t e r h a s many programs in Ocean Engineering. Examples of our work and accomplishments a r e found in naterials technology, improved performance s y s t e m s l i k e e l e c t r i c d r i v e , n u m e r i c a l m e t h o d s t o optimize design technology and environmental work s u c h a s o c e a n wave p r e d i c t i o n .
In t h e l a s t d e c a d e , d e e p o c e a n t e c h n o l o g y h a s f o c u s e d o n e l e c t r i c d r i v e , new h u o y a n c y m a t e r i a l s , v a r i a h l e b a l l a s t s v s t e m s a n d o t h e r c o m p o n e n t s . T h i s h a s r e s u l t e d n o t o n l y i n e x p a n d i n g t h e s e t e c h n o l o g i e s b u t a l s o t h a t o f f l u i d s , l u h r i c a n t s , h y d r a u l i c s y stems and e l e c t r i c a l i n s u l a t i o n f o r u s e t o d e p t h s o f 20,000 f e e t .
The systems and component technology documented i n C e n t e r h a n d b o o k s w i l l be demonstrated a5oar.l SEA CLIFF.
W e now a r e e x a m i n i n g t h e r e l i a b i li t y and extended endurance of machinery; the size and weight reduction of components; advanced power systems l i k e f u e l c e l l s f o r t h e Deep Submergence Rescue Vehic l e (DSRV); and power and e l e c t r i c a l c i r c u i t r y f o r c o n t r o l s y s t e m s . Y a t e r i a l s r e s e a r c h i n c a s t t i t a n i u n a r e a l l o w i n g i m p e l l e r s , v a l v e b a l l s , a n d pump b o d i e s t h a t a r e l i g h t w e i g h t a n d c o r r o s i o n a n d e r o s i o n r e s i s t a n t . These can he used on board ship to provide long term, m a i n t e n a n c e f r e e p e r f o r m a n c e . T i t a n i u m v a l v e b a l l s h a v e s u c c e s s f u l l y b e e n u s e d i n s e r v i c e f o r more t h a n 10 y e a r s .
A r e c e n t l y d e v e l o p e d c a s t t i t a n i u m a u x i li a r y s e a w a t e r pump demonstrated more t h a n 28,000
h o u r s of s u c c e s s f u l i n -s e r v i c e o p e r a t i o n . The housi n g , ( F i g u r e 2 ) represents an important advancement t h a t now i s b e i n g a p p l i e d t o t h e Kavy s t a n d a r d f i r epump f o r f l e e t and potenti.3.l commercial use.
Further, Center development of a new t i t a n i u m a l l o y (Ti-3AL-2.5V) w i l l p r o v i d e b e t t e r p i p i n g m a t e r i a l t o r e d u c e w e i g h t a n d i n c r e a s e s e a w a t e r f l o w r a t e s .
I n c o n e l 625, which \as a d v a n t a g e s s i m i l a r t o t i t a n i u m a l l o y s , w i l l be used i n h i g h p r e s s u r e s e a water piping systems on a d v a n c e d n a v a l v e s s e l s . I n a d d i t i o n , t h i s m a t e r i a l i s r e a d i l y w e l d a b l e t o s t e e l .
W e a r e p r o m o t i n g t h e u s e o f h i g h s t r e n g t h , low a l l o y (HSLA) s t e e l s t o r e p l a c e HY-80 s t e e l f o r s u r€ace ships and have a significant development program underway t o make t h i s r e p l a c e m e n t f e a s i b l e : HSLA s t e e l i s s i g n i f i c a n t l y l o w e r i n c o s t . tJe a l s o a r e i n v e s t i g a t i n g i t s w e l d a b i l i t y a n d t h e t e c h n o l o g y o f t h i c k s e c t i o n f a b r i c a t i o n . --s u c h as deck house p a n e l s ; n o n -p r e s s u r e h u l l s u b m a r i n e s t r u c t u r e s , l i k e c o n t r o l s u r f a c e s a n d a i r f l a s k s ;
and h u l l s f o r unmanned deep submersibles.
We a r e p l a n n i ? g a s w e l l t o develop a g r a p h i t e r e i n f o r c e d e p o x y h u l l f o r manned deep submersibles.
On a n o t h e r f r o n t , t h e i n c r e a s i n g n e e d t o r a p i d l y i m p r o v e v e h i c l e d e s i g n a t r e a s o n a b l e c o s t c a l l s f o r improved performance prediction.
The C e n t e r is a n i n t e r n a t i o n a l l e a d e r i n a d v a n c e d c o n p u t e r t e c h n o l o g y , and develops programs s o t h a t new s h i p c o n c e p t s c a n b e e v a l u a t e d q u i c k l y , p u t t i n g p r o m i s i n g i d e a s t o sea without delay. Exanples are the computation of wake flow behind a t r a n s o m s t e r n ; a n d t h e s t r e s s p a t t e r n p r e d i c t i o n of a s u r f a c e s h i p p r o p e l l e r b l a d e . F i n a l l y , s o m e t h i n g must b e s a i d o f o u r work i n a n t i f o u l i n g p a i n t s .
I n c o o p e r a t i o n w i t h i n d u s t r y , w e have developed a f a m i l y of organornetalic polyners (OMP) a n t i f o u l i n g a g e n t s .
T h e s e p a i n t s o f f e r l o n g e r e f f e c t i v e n e s s and lower long term costs than coatings now used. Two s u c h c a n d i d a t e s now a r e u n d e r e v a l u at i o n on b o a r d s h i p . I n d u s t r y i s increasing product i o n ; o u r p r e s e n t t a r g e t i s batches of 100,000 l b s .
We e x p e c t t h e s e a n t i f o u l i n g OHP p a i n t s t o b e a v a i la b l e c o m m e r c i a l l y w i t h i n t h e n e x t f i v e y e a r s . T h i s program, which began a t t h e C e n t e r i n 1 9 7 1 , s h o u l d r e s u l t i n s i g n i f i c a n t s a v i n g s i n s h i p f u e l c o s t s .
CONCLUSION
In c o n c l u s i o n , t h e David Taylor Naval Ship R&D C e n t e r c o n t i n u e s t o p l a y a n a c t i v e r o l e i n o c e a n e n g i n e e r i n g t e c h n o l o g y , s p e a r h e a d i n g many i n n o v a t i v e c o n c e p t s . A s we d e v e l o p t h e s e c o n c e p t s , we t a k e a n o t h e r s t e p t o w a r d r e a l i z i n g e f f i c i e n t a n d e f f e c t i v e o c e a n v e h i c l e s f o r t h e s e a w a y s , e x p l o r i n g t h e u n d e rs e a e n v i r o n m e n t o r h a r n e s s i n g o c e a n r e s o u r c e s . This i s t h e C e n t e r ' s c h a l l e n g e .
To meet i t , our nanagement s t r a t e g y i s one of involvement.
From l a b o r a t o r y i nv e s t i g a t i o n s t o a t s e a t e s t i n g o f h a r d w a r e --we a r e t h e r e --a philosophy summarized i n o u r m o t t o --"From R e s e a r c h t o R e a l i t y " .
